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VEHICLE IMPACTABSORBNG MEMBER 

PRIORITY CLAIM 

0001. The present application is a National Phase entry of 
PCT Application No. PCT/JP2012/081520, filed Dec. 5, 
2012, which claims priority from Japanese Patent Application 
No. 2011-283389, filed Dec. 26, 2011, the disclosures of 
which are hereby incorporated by reference herein in their 
entirety. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to a vehicle impact 
absorbing member. More particularly, the present invention 
relates to a vehicle impact-absorbing member having a 
columnar wood member and a hollow cylindrical metal frame 
body covering side-surfaces of the wood member and con 
figured to axially receive a compression load caused by 
impact. 
0004 2. Description of the Related Art 
0005 Such a vehicle impact-absorbing member is taught, 
for example, by JP 2001-182769A (which will be hereinafter 
referred to as a document). In the impact-absorbing member 
taught by the document, a wood member is substantially 
closely or slightly tightly fitted into a frame body made of an 
aluminum hollow member. In particular, a wood member is 
fitted into a frame body having a hollow square shape of 40 
mm square in cross section taken along a line perpendicular to 
an axial direction, a length of 120 mm in the axial direction 
and a thickness of 2 mm. The document shows that the wood 
member is fitted into the frame body, so that change of a 
reactive force caused by displacement of the impact-absorb 
ing member due to impact applied thereto can be restricted. 
Further, a fiber direction of the wood member is aligned with 
the axial direction of the frame body, so as to increase an 
absorption amount of impact energy. 

SUMMARY OF THE INVENTION 

0006 When the impact-absorbing member manufactured 
in accordance with an embodiment described in the document 
is axially compressed, the frame body undergoes buckling 
distortion into a bellows-shape while it is largely folded alter 
nately inward and outward. Further, the frame body folded 
inward may bite into the wood member, so that a deformation 
direction of fiber of the wood member may be locally 
inclined. The wood member may be basically porous. Fur 
ther, the fiber of the wood member may generally be unidi 
rectionally-aligned. Therefore, ifa fiber direction of the wood 
member can be aligned with a compression direction Such 
that the wood member can be linearly compressed in the fiber 
direction, it is expected that the wood member can exploit its 
innate characteristics at maximum by a simple structure 
where the wood member is fitted into the frame body, so as to 
increase absorption amount of impact energy. 
0007. In one aspect of the present invention, a vehicle 
impact-absorbing member may have a columnar wood mem 
ber and a hollow cylindrical metal frame body covering side 
Surfaces of the wood member and may be configured to 
axially receive a compression load caused by impact in the 
event of a collision in an axial direction of wood member. The 
framebody may have a square cylindrical shape. A ratio of an 
outer side in a hollow square cross-sectional Surface of the 
frame body to a thickness of the frame body may be set to a 
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range of 9-12. In another embodiment, the frame body may 
have a regular N-polygonal cylindrical shape satisfying Ne5 
or a regular circular cylindrical shape. A further embodiment, 
the frame body may have an elliptical cylindrical shape. A 
ratio of an inner major axis a to an inner minor axis b in a 
hollow elliptical cross-sectional surface of the frame body, 
i.e., a ratio a/b, is set to 3 or less. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 FIG. 1 is a perspective view of a impact-absorbing 
member according to Embodiment 1. 
0009 FIG. 2 is a sectional view taken along a line perpen 
dicular to an axial direction of the impact-absorbing member 
of FIG. 1. 
0010 FIG. 3A is a schematic sectional view taken along 
line III-III of FIG. 1, which view illustrates a deformation 
form of a frame body of the impact-absorbing member, in 
which a ratio of an outer side in a hollow Square cross 
sectional Surface to a thickness is in a range of 9-12 according 
to Embodiment 1. 
0011 FIG. 3B is a schematic sectional view, which view 
illustrates a deformation configuration of a frame body of the 
impact-absorbing member, in which a ratio of the outer side in 
the hollow square cross-sectional Surface to the thickness is 
out of the range of 9-12. 
0012 FIG. 4 is a perspective view of an impact-absorbing 
member according to Embodiment 2. 
0013 FIG. 5 is a perspective view of an impact-absorbing 
member according to Embodiment 3. 
0014 FIG. 6 is a perspective view of an impact-absorbing 
member according to Embodiment 4. 
0015 FIG. 7 is a sectional view taken along a line perpen 
dicular to an axial direction of the impact-absorbing member 
of FIG. 6. 
0016 FIG. 8 is a graph illustrating a relationship between 
a displacement and a compression load, which is obtained 
from Test 1 with regard to a square cedar wood member. 
0017 FIG. 9 is a graph illustrating a relationship between 
a displacement and a compression load, which is obtained 
from Test 2 with regard to a test piece No. 1 shown in Table 1. 
0018 FIG. 10 is an appearance picture of the test piece No. 
1 shown in Table 1, which is viewed obliquely after it is 
compressed in Test 2. 
0019 FIG. 11 is a graph illustrating a relationship between 
a displacement and a compression load, which is obtained 
from Test 2 with regard to a test piece No. 2 shown in Table 1. 
0020 FIG. 12 is an appearance picture of the test piece No. 
2 shown in Table 1, which is viewed obliquely after it is 
compressed in Test 2. 
0021 FIG. 13 is an appearance picture of a frame body A 
shown in Table 2, which is viewed obliquely after it is com 
pressed in Test 3. 
0022 FIG. 14 is an appearance picture of a frame body B 
shown in Table 2, which is viewed obliquely after it is com 
pressed in Test 3. 
0023 FIG. 15 is an appearance picture of a frame body C 
shown in Table 2, which is viewed obliquely after it is com 
pressed in Test 3. 
0024 FIG. 16 is an appearance picture of a frame body D 
shown in Table 2, which is viewed obliquely after it is com 
pressed in Test 3. 
0025 FIG. 17 is an appearance picture of a frame body K 
shown in Table 3, which is viewed obliquely after it is com 
pressed in Test 4. 
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0026 FIG. 18 is an appearance picture of a frame body S 
shown in Table 4, which is viewed obliquely after it is com 
pressed in Test 5. 
0027 FIG. 19 is an appearance picture of a frame body V 
shown in Table 4, which is viewed obliquely after it is com 
pressed in Test 5. 
0028 FIG. 20 is an appearance picture of a test piece No. 
3 shown in Table 5, which is viewed obliquely after it is 
compressed in Test 6. 
0029 FIG. 21 is an appearance picture of a test piece No. 
4 shown in Table 5, which is viewed obliquely after it is 
compressed in Test 6. 
0030 FIG.22A is an appearance picture of a test piece No. 
5 shown in Table 5, which is viewed obliquely after it is 
compressed in Test 6. 
0031 FIG. 22B is a graph illustrating a relationship 
between a displacement and a compression load, which is 
obtained from Test 6 with regard to the test piece No. 5 shown 
in Table 5. 
0032 FIG. 23 is an appearance picture of a test piece No. 
6 shown in Table 5, which is viewed obliquely after it is 
compressed in Test 6. 
0033 FIG. 24 is an appearance picture of a test piece No. 
7 shown in Table 5, which is viewed obliquely after it is 
compressed in Test 6. 
0034 FIG. 25 is an appearance picture of a test piece No. 
8 shown in Table 5, which is viewed obliquely after it is 
compressed in Test 6. 
0035 FIG. 26 is an appearance picture of a test piece No. 
11 shown in Table 6, which is viewed obliquely after it is 
compressed in Test 7. 
0036 FIG. 27 is an appearance picture of a test piece No. 
12 shown in Table 6, which is viewed obliquely after it is 
compressed in Test 7. 

DETAILED DESCRIPTION OF THE INVENTION 

0037. An impact-absorbing member is a member that is 
attached to a vehicle such as an automobile in order to absorb 
impact energy generated in the event of a collision. A impact 
absorbing member attaching position of the vehicle is not 
specially limited provided that the impact-absorbing member 
can absorb a collision energy in order to protect passengers, 
pedestrians or other Such person. For example, the impact 
absorbing member may be positioned between a fender panel 
and a body panel, between a bumper reinforcement member 
and a side member, between a door panel and a door trim, 
between a pillar and pillar trim, between a roof panel and a 
roof liner, and between a floor panel and a carpet. In the 
following, embodiments of the present invention will be 
described in detail with reference to the drawings. 

Embodiment 1 

0038. As shown in FIG. 1, an impact-absorbing member 
11 of the present embodiment may be composed of a rectan 
gular columnar-shaped wood member 21 having a square 
shape in “cross section taken along a line perpendicular to an 
axial direction thereof (which will be hereinafter simply 
referred to as “cross section'), and a metal frame body 31 
covering side-surfaces of the wood member 21. The impact 
absorbing member 11 may be positioned so as to receive 
impact in the event of a collision in the axial direction of the 
rectangular column. 
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0039. The wood member 21 may be sawn up to a rectan 
gular columnar shape such that a fiber direction thereof can be 
aligned parallel with a compression load (the axial direction). 
The type of the wood member 21 is not specially limited. For 
example, the wood member 21 can beformed by a needle leaf 
tree Such as cedar, Japanese cypress and pine or a broad-leaf 
tree Such as Japanese Zelkova and beech. A wood member 
having high specific gravity may be characterized by Superior 
strength. To the contrary, a wood member having low specific 
gravity may be characterized by an increased amount of com 
pression deformation because of high porosity. Therefore, it 
is preferable to select a wood member having adequate spe 
cific gravity according to the impact-absorbing member 
attaching position of the vehicle in consideration of Such a 
factor. A wood member having specific gravity of 0.2-0.4 can 
increase an absorption amount of the impact energy because 
Such a wood member may have a sufficient amount of com 
pression deformation and a certain level of strength. There 
fore, Such a wood member may be advantageously used. 
Examples of the wood member having specific gravity of 
0.2-0.4 are cedar, Japanese cypress and pine. 
0040. The frame body 31 may have a square cylindrical 
shape, i.e., a hollow cylindrical shape having a hollow square 
shape in "cross section taken along a line perpendicular to an 
axial direction thereof (which will be hereinafter simply 
referred to as “cross section'). The frame body 31 may sup 
port the wood member 21 and may function to be deformed 
with the wood member 21 due to the compression load in the 
axial direction. The framebody 31 may preferably be made of 
aluminum, copper, iron or other Such metals. The framebody 
31 may be closely fitted around the wood member 21 without 
clearance, so as to cover the entire side Surfaces (the entire 
outer circumferential surface) of the wood member 21 injust 
proportion. 
0041 As shown in FIG. 2, a thickness T of the frame body 
31 may substantially be uniform. Further, a ratio of an outer 
side L in a hollow square cross-sectional Surface of the frame 
body 31 to the thickness T, i.e., a ratio L/T (which may be 
hereinafter referred to as a side to thickness ratio), may be set 
to a range of 9-12. 
0042. The impact-absorbing member 11 may be posi 
tioned such that the axial direction (a fiber direction) of the 
wood member 21 can be aligned parallel with a collisional 
direction of the vehicle. When the impact-absorbing member 
11 is subjected to the compression load in the axial direction 
by the collision, the framebody 31 encircling the wood mem 
ber 21 may be crashed in the axial direction while it is buck 
led. As a result, the wood member 21 may be prevented from 
falling down by the frame body 31, so as to directly undergo 
compression deformation in the axial direction. At this time, 
as schematically shown in FIG. 3A, the frame body 31 can 
undergo buckling distortion while it is repeatedly expanded 
outward only although the principle is not necessarily known. 
According to the impact-absorbing member 11, when the 
compression load in the axial direction is applied thereto, the 
frame body 31 encircling the wood member 21 may be 
crashed without changing the axial direction thereof. There 
fore, the wood member 21 can linearly undergo compression 
deformation in the fiber direction without falling down. At 
this time, the frame body 31 can be crashed while it is 
expanded outward without protruding inward. Therefore, the 
frame body 31 may be less likely to bite into the wood mem 
ber 21. This allows the wood member 21 to exploit its innate 
characteristics at maximum. Further, when the frame body 
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bites into the wood member, the wood member can be easily 
cracked because fiber of the wood member may be inclined. 
Also, deformation behavior of the wood member may be 
individually different. However, according to the impact-ab 
sorbing member of the present embodiment, the frame body 
31 may be less likely to bite into the wood member 21. 
Therefore, the deformation behavior of the wood member can 
be prevented from being varied, so as to fall within a predict 
able range. Further, the impact-absorbing member may be 
less likely to produce change of a reactive force that can be 
produced when fiber of the wood member is partially inclined 
due to biting of the frame body into the wood member. Thus, 
the change of the reactive force can be minimized. As a result, 
variation of impact-absorbing performance can be mini 
mized. 
0043. Further, when the ratio L/T of the side in the cross 
sectional surface of the framebody 31 to the thickness thereof 
is out of the range of 9-12, the frame body 31 can be crashed 
in the axial direction. However, as shown in FIG. 3B, the 
frame body 31 can be deformed into a bellows-shape while it 
is folded in both directions of inward and outward. Therefore, 
if the wood member 21 is closely fitted into the frame body 31 
without clearance, the frame body 31 may be likely to bite 
into the wood member 21. To the contrary, in the impact 
absorbing member 11 of the present embodiment, as previ 
ously described, the frame body 31 can be crashed without 
protruding inward. Therefore, although there is no clearance 
between the frame body 31 and the wood member 21, the 
frame body 31 may be less likely to bite into the wood mem 
ber 21. Naturally, in the present embodiment, the frame body 
31 and the wood member 21 can be modified such that any 
clearance can be formed therebetween. Further, the wood 
member 21 may not necessarily have square columnar shape. 
However, it is preferable that the wood member 21 internally 
contacts the frame body 31 because the wood member 21 can 
be easily positioned with respect to the frame body 31. Fur 
ther, it is more preferable that the wood member 21 is closely 
fitted into the frame body 31 without clearance. This is 
because strength of the impact-absorbing member 11 can be 
effectively increased with respect to cross-sectional area 
thereofandan impact absorption amount thereof can be effec 
tively increased. 

Embodiment 2 

0044 As shown in FIG. 4, an impact-absorbing member 
12 of the present embodiment may be composed of a colum 
nar-shaped wood member 22 having a regular N-polygonal 
shape in cross section satisfying Ne5, and a metal frame body 
32 covering side-surfaces of the wood member 22. The 
impact-absorbing member 12 may function to receive a com 
pression load in an axial direction thereof. Further, FIG. 4 
shows the impact-absorbing member 12 having a regular 
hexagonal shape in cross section, i.e., a regular N-polygonal 
shape at N=6. The wood member 22 and the frame body 32 
may be made of the same material as the wood member 21 and 
the frame body 31 of Embodiment 1 described above and may 
be simply different therefrom in shape. 
0045. The frame body 32 may have a regular N-polygonal 
cylindrical shape having the same N-number as the wood 
member 22, i.e., a hollow cylindrical shape having a hollow 
regular N-polygonal shape in cross section. The frame body 
32 is capable of supporting the wood member 22 and capable 
of deforming with the wood member 22 when the compres 
sion load in an axial direction is applied thereto. The frame 
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body 32 may be closely fitted around the wood member 22 
without clearance, so as to cover the entire side Surfaces of the 
wood member 22 injust proportion. A thickness of the frame 
body 32 may substantially be uniform and may be appropri 
ately determined provided that the frame body 32 can be 
deformed with the wood member 22. The thickness of the 
frame body 32 can be determined without taking into account 
a balance against an outer size of the wood member 23. 
0046 When the compression load in the axial direction 
acts on the impact-absorbing member 12, the frame body 32 
can be crashed in the axial direction while it is repeatedly 
expanded outward only although the principle is not neces 
sarily known. At the same time, the wood member 22 can 
directly undergo compression deformation in an axial direc 
tion while it is prevented from falling down by the framebody 
32. According to the impact-absorbing member 12, when the 
compression load in the axial direction is applied thereto, the 
frame body 32 encircling the wood member 21 may be 
crashed without changing the axial direction thereof. There 
fore, the wood member 22 can linearly undergo compression 
deformation in the fiber direction without falling down. At 
this time, the frame body 32 can be crashed while it is 
expanded outward without protruding inward. Therefore, the 
frame body 32 may be less likely to bite into the wood mem 
ber 22. This allows the wood member 22 to exploit its innate 
characteristics at maximum. Further, the frame body 32 and 
the wood member 22 may be less likely to interfere with each 
other. Therefore, the deformation behavior of the wood mem 
ber can be prevented from being varied. Further, change of a 
reactive force can be minimized, so that variation of impact 
absorbing performance can be minimized. 
0047. As shown in FIG. 5, an impact-absorbing member 
13 of the present embodiment may be composed of a colum 
nar-shaped wood member 23 having a precise circular shape 
in cross section, and a metal frame body 33 covering side 
surfaces of the wood member 23. The impact-absorbing 
member 13 may function to receive a compression load in an 
axial direction thereof. The wood member 23 and the frame 
body 33 may be made of the same material as the wood 
member 21 and the frame body 31 of Embodiment 1 
described above and may be simply different therefrom in 
shape. 
0048. The frame body 33 may have a precise cylindrical 
shape, i.e., a hollow cylindrical shape having a hollow precise 
circular shape in cross section. The frame body 33 is capable 
of supporting the wood member 23 and capable of deforming 
with the wood member 23 when the compression load in an 
axial direction is applied thereto. The frame body 33 may be 
closely fitted around the wood member 23 without clearance, 
so as to cover the entire side surfaces of the wood member 23 
in just proportion. A thickness of the frame body 33 may 
Substantially be uniform and may be appropriately deter 
mined such that the frame body 33 can be deformed with the 
wood member 23. Further, the thickness of the frame body 33 
can be determined without taking into account a balance 
against an outer size of the wood member 23. 
0049. When the compression load in the axial direction 
acts on the impact-absorbing member 13, the frame body 33 
encircling the wood member 23 can be crashed in the axial 
direction while it is repeatedly expanded outward only, 
although the principle is not necessarily known. At the same 
time, the wood member 23 can directly undergo compression 
deformation in an axial direction while it is prevented from 
falling down by the frame body 33. According to the impact 
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absorbing member 13, when the compression load in the axial 
direction is applied thereto, the frame body 33 encircling the 
wood member 23 may be crashed without changing the axial 
direction thereof. Therefore, the wood member 23 can lin 
early undergo compression deformation in the fiber direction 
without falling down. At this time, the frame body 33 can be 
crashed while it is folded outward without being folded 
inward. Therefore, the frame body 33 may be less likely to 
bite into the wood member 23. This allows the wood member 
23 to exploit its innate characteristics at maximum. Further, 
the frame body 33 and the wood member 23 may be less likely 
to interfere with each other. Therefore, the deformation 
behavior of the wood member can be prevented from being 
varied. Further, change of a reactive force can be minimized, 
so that variation of impact-absorbing performance can be 
minimized. 

Embodiment 4 

0050. As shown in FIG. 6, an impact-absorbing member 
14 of the present embodiment may be composed of a colum 
nar-shaped wood member 24 having an elliptical shape in 
cross section, and a metal frame body 34 covering side 
surfaces of the wood member 24. The impact-absorbing 
member 14 may function to receive a compression load in an 
axial direction thereof. The wood member 24 and the frame 
body 34 may be made of the same material as the wood 
member 21 and the frame body 31 of Embodiment 1 
described above and may be simply different therefrom in 
shape. 
0051. The frame body 34 may have an elliptical cylindri 
cal shape, i.e., a hollow cylindrical shape having a hollow 
elliptical shape in cross section. A ratio of an inner major axis 
a to an inner minor axis bin a hollow elliptical cross-sectional 
surface of the frame body 34, i.e., a ratio a/b (which will be 
hereinafter referred to as a major axis to minor axis ratio), 
may be set to 3 or less (FIG. 7). Further, when the major axis 
to minor axis ratio is equal to 1, the cross-sectional Surface 
may turn into a hollow precise circular shape. Therefore, 
more properly, the major axis to minor axis ratio may be set so 
as to satisfy 1 <a/bs3. The frame body 34 is capable of Sup 
porting the wood member 24 and capable of deforming with 
the wood member 24 when the compression load in an axial 
direction is applied thereto. The frame body 34 may be 
closely fitted around the wood member 24 without clearance, 
so as to cover the entire side surfaces of the wood member 24 
in just proportion. A thickness of the frame body 34 may 
Substantially be uniform and may be appropriately deter 
mined such that the frame body 34 can be deformed with the 
wood member 24. 

0052. When the compression load in the axial direction 
acts on the impact-absorbing member 14, the frame body 34 
encircling the wood member 24 can be crashed in the axial 
direction while it is repeatedly expanded outward only, 
although the principle is not necessarily known. At the same 
time, the wood member 24 can undergo compression defor 
mation. At this time, the frame body 34 can be crashed while 
it is folded outward without being folded inward. Therefore, 
the frame body 34 may be less likely to bite into the wood 
member 24. This allows the wood member 24 to appropri 
ately exploit its innate characteristics. Further, the framebody 
34 and the wood member 24 may be less likely to interfere 
with each other. Therefore, the deformation behavior of the 
wood member can be prevented from being varied. Further, 
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change of a reactive force can be minimized, so that variation 
of impact-absorbing performance can be minimized. 

EXAMPLES 

Test 1 
0053 Test 1 was intended to determine innate impact 
absorbing performance of a wood member. A square cedar 
wood member having a square shape in cross section (40 
mmx40 mmx70mm: a length in an axial direction) was 
prepared. The wood member was sawn up such that a fiber 
direction thereof can be aligned parallel with the axial direc 
tion (a compression direction). The wood member was set on 
a compression testing machine (Autograph AG-100KNE) 
manufactured by Shimazu Corporation while it is not 
encircled by a frame body. The wood member was com 
pressed in the axial direction under conditions of 2 mm/min, 
and a relationship between displacement (an amount of com 
pression) and a compression load (i.e., a reactive force pro 
duced by an impact-absorbing member) was measured. 
Results are shown in FIG. 8. 
0054 As will be apparent from FIG. 8, when the wood 
member is compressed in the fiber direction thereof, the com 
pression load may continue to be extremely stable. This dem 
onstrates that the wood member may have high impact-ab 
Sorbing performance. 

Test 2 

0055. In Test 2, test pieces Nos. 1 and 2 of the impact 
absorbing member were prepared according to Embodiment 
1. Each test piece was composed of a wood member having a 
square shape in cross section, and a hollow cylindrical frame 
body fitted around the wood member. A square cedar member 
was used as the wood member. Further, an extrusion molded 
article of aluminum (A5052) was used as the frame body. 
Sizes of each test piece are described in Table 1. Further, an 
outer side L in a hollow square cross-sectional Surface and a 
thickness T of the frame body shown in Table 1 may corre 
spond to the sizes L and T shown in FIG. 2. 

TABLE 1 

Outer Side L in Thickness Length in 
Test Hollow Square T of Axial Side Li 
Piece Cross-Sectional Frame Body Direction Thickness 
No. Surface (mm) (mm) (mm) T 

1 16 O.S 50 32 
2 15 1.5 50 10 

0056 Next, the test piece No. 1 was compressed in the 
axial direction in the same manner as Test 1, and a relation 
ship between displacement and a compression load was mea 
Sured. In addition, only the frame body was similarly com 
pressed, and a relationship between displacement and a 
compression load was measured. Thereafter, a result obtained 
about only the frame body was subtracted from a result 
obtained about the test piece in which the frame body was 
fitted around the wood member, so as to obtain a relationship 
between displacement and the compression load about only 
the wood member contained in the test piece. Results are 
shown in FIG. 9. An appearance of the test piece after com 
pression is shown in pictures in FIG. 10. Similar to the test 
piece No. 1, with regard to the test piece No. 2, a relationship 
between displacement and the compression load about the 
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wood member contained in the test piece was obtained. 
Results are shown in FIGS. 11 and 12. 

0057. As will be apparent by comparing graphs shown in 
FIGS. 9 and 11 each of which shows a relationship between 
displacement and the compression loadabout the wood mem 
ber contained in the test piece, in the test piece No. 2 in which 
the ratio LFT of the side in the cross-sectional surface to the 
thickness is 10, change of the compression load may be quite 
small in comparison with the test piece No. 1 in which the 
ratio LFT of the side in the cross-sectional surface to the 
thickness is 20. Further, similar to the results of Test 1 in 
which only the wood member is compressed, the compres 
sion load of the wood member contained in the test piece No. 
2 may be stable. Next, in view of deformation forms of the test 
pieces, deformation configurations of the frame bodies con 
tained in the test pieces may be different from each other 
although the wood members contained in the test pieces may 
undergo compression deformation without falling down. As 
shown in pictures in FIG. 10, in the test piece No. 1, the frame 
body may be crashed while its wall surfaces adjacent to each 
other are folded alternately inward and outward. As a result, 
the frame body folded inward may bite into the wood mem 
ber. To the contrary, as shown in pictures in FIG. 12, in the test 
piece No. 2, the frame body may be crashed while its all 
circumferences are repeatedly deformed and bulged to spread 
outward. Further, in the test piece No. 2, the frame body may 
be crashed without protruding inward. That is, the framebody 
may not bite into the wood member. The results clearly show 
that in the test piece having a square shape in cross section, 
only when the ratio L/T of the side in the cross-sectional 
Surface to the thickness has a particular value, the frame body 
can be compressed while it is bulged outward only, so as to be 
prevented from biting into the wood member. This means that 
the wood member can appropriately exploit its innate char 
acteristics So as to stabilize the compression load. 

Test 3 

0058. In Test 3, test pieces each of which is composed of 
only a hollow cylindrical framebody having a square shape in 
transverse cross section were prepared. Similar to Test 2, the 
test pieces were compressed in the same manner as Test 1, and 
deformation forms of the test pieces were observed. The test 
pieces after compression are shown in pictures in FIGS. 
13-16. Further, in Test 3, frame bodies A to D respectively 
formed by extrusion molding of aluminum (A5052) were 
used as the test pieces. Each of the frame bodies A-D was 
configured Such that an outer side L in a hollow square cross 
sectional Surface and a length in an axial direction were 
respectively 20 mm and 70 mm. However, the frame bodies 
A-D were respectively configured to have different thick 
nesses. Sizes of each of the frame bodies are described in 
Table 2. Further, the compression deformation forms of the 
frame bodies are also described in Table 2. Further, when the 
frame body was crashed while it is folded alternately inward 
and outward as the test piece No. 1 in Test 2, the compression 
deformation form thereof is labeled as “unsuitable' in Table 
2. Instead, when the framebody was crashed while it is bulged 
outward only as the test piece No. 2 in Test 2, the deformation 
form thereof is labeled as “good’ in Table 2. 
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TABLE 2 

Test Thickness T Side Li Compression 
Piece. (mm) Thickness T Deformation Forms 

A. 1.6 12.5 Unsuitable 
B 1.8 11.1 Good 
C 2.2 9.1 Good 
D 2.5 8.0 Unsuitable 

0059. The results described in Table 2 clearly show that 
when the ratio LFT of the side in the cross-sectional surface of 
the frame body to the thickness is set to a range of 9-12, the 
frame body may be crashed while its all circumferences are 
repeatedly deformed and bulged to spread outward and can be 
prevented from protruding inward (FIGS. 14 and 15). Con 
versely, the results show that when the ratio L/T of the side in 
the cross-sectional surface of the frame body to the thickness 
is out of the range of 9-12, the frame body may be crashed 
while its wall surfaces adjacent to each other are folded alter 
nately inward and outward and a portion of the frame body 
may protrude inward (FIGS. 13 and 16). 

Test 4 

0060. In Test 4, similar to Test 3, hollow cylindrical frame 
bodies each having a square shape in transverse cross section 
were used as test pieces. Similar to Test 3, the test pieces were 
compressed, and deformation forms of the test pieces were 
observed. In Test 4, as described in Table 3, frame bodies E to 
K that are also different from each other in an outer side L in 
a hollow square cross-sectional Surface and a length in an 
axial direction were used as the test pieces. In Test 4, the test 
pieces were respectively formed by extrusion molding of 
aluminum (A6063). Similar to Test 3, compression deforma 
tion forms of the test pieces are also described in Table 3. 

TABLE 3 

Outer Side Length 
L in in 

Hollow Square Thickness Axial Side Li Compression 
Test Cross-Sectional T Direction Thickness Deformation 
Piece Surface (mm) (mm) (mm) T Forms 

E 10 O.9 2O 11.1 Good 
F 10 O.9 40 11.1 Good 
G 15 1.4 2O 10.7 Good 
H 15 1.4 40 10.7 Good 
I 25 2.4 40 10.4 Good 
J 25 2.4 60 10.4 Good 
K 25 2.4 8O 10.4 Good 

(FIG. 17) 

0061. The results described in Table 3 demonstrate that 
even when the outer side L in a hollow square cross-sectional 
Surface and the length in an axial direction are changed, the 
frame body may be crashed while its all circumferences are 
repeatedly deformed and bulged to spread outward and may 
not protrude inward provided that the ratio L/T of the side in 
the cross-sectional Surface to the thickness is in the range of 
9-12. The frame body Kafter compression is representatively 
shown in pictures in FIG. 17. 

Test 5 

0062. In Test 5, as described in Table 4, hollow cylindrical 
frame bodies each having a rectangular shape in cross section 
were used as test pieces. Similar to Tests 3 and 4, the test 
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pieces were compressed, and deformation forms of the test 
pieces were observed. Similar to Tests 3 and 4, the results of 
compression are also described in Table 4. In Test 5, the test 
pieces were respectively formed by extrusion molding of 
aluminum (A6063). Further, an outer short side and an outer 
longside described in Table 4 respectively mean lengths of an 
outer short side and an outer longside of a hollow rectangular 
cross-sectional Surface. 

TABLE 4 

Outer Outer Length in Short Long Compres 
Short Long Axial Thick- Side? Side? Sion 

Test Side Side Direction (SS Thick- Thick- Deforma 
Piece (mm) (mm) (mm) (mm) (SS ness tion Forms 

L 10 15 2O OO O.O 15.0 Unsuitable 
M 10 15 40 OO O.O 15.0 Unsuitable 
N 15 30 2O SO O.O 15.0 Unsuitable 
O 15 30 40 SO O.O 20.0 Unsuitable 
P 15 30 60 SO O.O 20.0 Unsuitable 
Q 2O 30 40 .85 O.8 16.2 Unsuitable 
R 2O 30 60 .85 O.8 16.2 Unsuitable 
S 2O 30 8O .85 O.8 16.2 Unsuitable 

(FIG. 18) 
T 2O 40 40 .85 O.8 21.6 Unsuitable 
U 2O 40 60 .85 O.8 21.6 Unsuitable 
V 2O 40 8O .85 O.8 21.6 Unsuitable 

(FIG. 19) 

0063. As will be apparent from Table 4, in Test 5, even 
when a ratio of an outer short side in the rectangular cross 
sectional surface of the framebody to a thickness (a short side 
to thickness ratio) is in the range of 9-12, the frame body may 
be crashed while it is folded alternately inward and outward 
and not while it is bulged outward only. The frame bodies S 
and V after compression are representatively shown in pic 
tures in FIGS. 18 and 19. The results clearly show that when 
the frame body has a rectangular shape in cross section, in 
particular, when the frame body has a square shape in cross 
section, the frame body can be crashed while it is bulged 
outward only by setting the short side to thickness ratio to 
9-12. 

Test 6 

0064. In Test 6, test pieces Nos. 3-8 of the impact-absorb 
ing member were prepared according to Embodiment 3 or 4. 
Each test piece was composed of a wood member having a 
rounded shape in transverse cross section, and a hollow cylin 
drical frame body fitted around the wood member. A sawn 
cedar member was used as the wood member. Further, an 
extrusion molded article of aluminum (A5052) was used as 
the frame body. Sizes of the test piece are described in Table 
5. Further, a major axis a and a minor axis b shown in Table 5 
may correspond to the sizes a and b shown in FIG. 7. Next, 
similar to Test 2, the test pieces Nos. 3-8 were compressed, 
and deformation forms of the test pieces were observed. The 
test pieces after compression are shown in pictures in FIGS. 
20-25. Further, the compression deformation forms of the test 
pieces are also described in Table 5. In Table 5, when the 
frame body was crashed while it is bulged outward only, the 
deformation form thereof is labeled as “good.” Further, when 
the deformation form is not good, it is annotated. 
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TABLE 5 

Thickness Major 
Test Shape in Major Minor of Frame Axis a Compression 
Piece Cross Axis Axis Body Minor Deformation 

No. Section (mm) (mm) (mm) Axis b Forms 

3 Precise Circle 40 40 O.S 1 Good 

4 Precise Circle 40 40 2.0 1 Good 

5 Ellipse 40 2O O.S 2 Good 
6 Ellipse 40 2O 2.0 2 Good 

7 Ellipse 40 10 O.S 4 1. 
8 Ellipse 40 10 2.0 4 2 

1: The frame body was crashed while it is folded inward and outward. Finally, the whole 
impact-absorbing member was buckled. 
2: The whole impact-absorbing member was buckled. 

0065. The results of the test pieces Nos. 3-8 clearly show 
that when the test piece has a rounded shape in cross section, 
even if it is an elliptical shape other than a precise circular 
shape, the frame body can be crashed while its all circumfer 
ences are repeatedly deformed and bulged to spread outward 
regardless of the thickness of the frame body and can be 
prevented from protruding inward. Further, as shown in pic 
tures in FIG. 22A, the test piece No. 5 having an elliptical 
shape in cross section and having a thin walled frame body 
may be diagonally crashed while an axis thereof is deflected. 
However, the framebody may be crashed while it is expanded 
outward without protruding inward and may not bite into the 
wood member. As a result, fiber of the wood member may not 
be randomly inclined. As shown by a graph in FIG. 22B, a 
compression load may continue to be stable. Further, the 
results of the test pieces Nos. 5-8 clearly show that when the 
test piece has an elliptical shape in cross section, the whole 
test piece may be likely to buckle as an ellipse is excessively 
flattened. This demonstrates that a ratio a/b of the major axis 
to the minor axis in an elliptical cross-sectional Surface may 
preferably be set to 3 or less. 
0066. The results of Tests 2-6 suggest that as the test piece 
changes from a rectangular shape toward a circular shape in 
cross section, the test piece may be likely to crash while it is 
expanded outward only regardless of the thickness of the 
frame body and flatness in cross section. Therefore, in sub 
sequent Test 7, deformation forms were examined with regard 
to test pieces each having a polygonal shape closer to the 
circular shape than the rectangular shape in cross section. 

Test 7 

0067. In Test 7, test pieces Nos. 9-12 of the impact-absorb 
ing member each having a polygonal shape in cross section 
were prepared according to Embodiment 2. A sawn cedar 
member was used as a wood member. Further, an extrusion 
molded article of aluminum (A5052) was used as a frame 
body. Shapes and sizes of the test piece are described in Table 
6. Next, similar to Test 7, the test pieces Nos. 9-12 were 
compressed, and deformation forms of the test pieces were 
observed. The compression deformation forms of the test 
pieces are additionally described in Table 6. In Table 6, when 
the frame body was crashed while it is bulged outward only, 
the deformation form thereof is labeled as “good.” 
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TABLE 6 

Outer Thickness Length in 
Test Shape in Side of Frame Axial Compression 
Piece Cross 1. Body Direction Deformation 
No. Section (mm) (mm) (mm) Forms 

9 Regular Hexagon 16 O.S 70 Good 
10 Regular Hexagon 16 1.O 70 Good 
11 Regular Hexagon 16 1.6 70 Good 

(FIG. 26) 
12 Regular Octagon 12 1.2 70 Good 

(FIG. 27) 

1: A length of an outer side in a hollow regular polygonal cross-sectional surface, 

0068. The results of the test pieces Nos. 9-12 clearly show 
that when the test piece has a regular hexagonal shape in cross 
section, the frame body can be crashed while its all circum 
ferences are repeatedly deformed and bulged to spread out 
ward regardless of the thickness thereof and can be prevented 
from protruding inward. The test piece No. 11 after compres 
sion are representatively shown in pictures in FIG. 26. Also, 
as shown in pictures in FIG. 27, it is recognized that when the 
test piece has a regular octagonal shape in cross section, the 
frame body can be crashed while its all circumferences are 
repeatedly deformed and bulged to spread outward and can be 
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prevented from protruding inward. This demonstrates that a 
regular N-polygonal shape in cross section satisfying Ne5 
may preferably be used. 

1. A vehicle impact-absorbing member having a columnar 
wood member and a hollow cylindrical metal frame body 
covering side-surfaces of the wood member and configured to 
axially receive a compression load caused by impact in the 
event of a collision in an axial direction of wood member, 

wherein the frame body has a square cylindrical shape, and 
wherein a ratio of an outer side in a hollow square 
cross-sectional Surface of the frame body to a thickness 
of the frame body is set to a range of 9-12. 

2. (canceled) 
3. A vehicle impact-absorbing member having a columnar 

wood member and a hollow cylindrical metal frame body 
covering side-surfaces of the wood member and configured to 
axially receive a compression load caused by impact in the 
event of a collision in an axial direction of wood member, 

wherein the frame body has an elliptical cylindrical shape, 
and wherein a ratio of an inner major axis a to an inner 
minor axis bina hollow elliptical cross-sectional Surface 
of the frame body, i.e., a ratio a/b, is set to 3 or less. 

k k k k k 


